From great apes and monkeys through to the more remotely related lemurs and lorises, primates hold a special appeal to human animal-lovers, as they tend to possess easily identifi ed facial features, in many cases bearing some vague resemblance to our own. The behaviour and intelligence of chimpanzees and bonobos have been studied in great detail (Curr. Biol. (2016) 26, R83-R85), not least with the aim of better understanding our own animal nature and gaining insights into what our shared ancestors may have been capable of around ten million years ago.
In Asia, some primates have strong cultural signifi cance, as monkeys are represented in both Hindu and Buddhist mythology. Similarly, some Amazonian cultures invest primate species with religious signifi cance. Monkeys stealing food are often tolerated while lesser species would be attacked as a pest.
In spite of the special connection we appear to feel with our primate relatives, there is now an imminent risk that up to 300 primate species could face extinction, mainly due to the unstoppable spread of one primate species -namely ours.
In a review published in January, Alejandro Estrada from the National Autonomous University of Mexico and Paul Garber from the University of Illinois at Urbana, USA, with colleagues from around the world assessed the situation of primate conservation based on the IUCN Red List data as well as peer-reviewed scientifi c publications on all known species (Sci. Adv. (2017) 3, e1600946) .
The authors found that of the currently known 504 species of nonhuman primates, more than 60% are threatened, while three-quarters of species are suffering population declines. Geographically, the problem is most acute in Madagascar, where 87% of the 103 species are threatened. In Asia, 73% of 119 native species are in danger, in South and Central America 36% of 171 species, and in mainland Africa 37% of 111. Just four countries host two-thirds of the species diversity and thus an inordinate share of the conservation challenge, namely Brazil, Democratic Republic of the Congo, Madagascar, and Indonesia. In the following, case studies from each of these countries shall illustrate the plight of our primate relatives.
Hippie monkeys in Brazil
Brazil is one of the primate hotspots with many species of monkeys populating the canopy of the shrinking tropical rainforest. However, the less famous and even more endangered habitat of the Atlantic coastal forests also has its share of primate diversity. Two species of muriqui, also known as woolly spider monkeys, are now listed as critically endangered, with fewer than 2,000 individuals surviving in the wild.
The northern muriqui (Brachyteles hypoxanthus) has held this dubious honour for more than a quarter of a century now. Nicknamed "hippiemonkey" for its peaceful lifestyle and propensity for group hugs, this species inspired anthropologist Karen Strier, now at the University of Wisconsin at Madison, USA, and currently the president of the International Primatological Society, to study their behaviour and try to save them from extinction.
Strier fi rst started studying muriquis in 1982, then set up a nature reserve around the existing research station of Caratinga, where the monkeys were able to recover and thrive. The population increased from 22 to more than 350. The peaceful and co-operative behaviour she and her students described changed the general thinking on primates. Previously, ethologists had regarded the aggressive, competitive behaviours of chimpanzees and other great apes as the norm for primates, but the fi ndings on muriquis, along with research on bonobos (Pan paniscus) in
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Grauer's gorillas in DRC
Within the African mainland, the Democratic Republic of the Congo (DRC) hosts the largest number of primate species, including iconic great apes like the endangered eastern chimpanzee (Pan troglodytes schweinfurthii), a sub-species of the common chimpanzee, and the critically endangered eastern lowland gorilla (Grauer's gorilla, Gorilla beringei graueri). In addition to the loss and fragmentation of habitat, illegal bushmeat hunting is a large and growing problem for primate conservation in DRC. Apart from the direct casualties, the close contact of hunters with apes is also blamed for the transmission of diseases between the species, as has happened historically with HIV and more recently with Ebola and other pathogens.
In a recent study published in April 2017, Charlotte Spira and colleagues from the Wildlife Conservation Society (WCS) in New York, USA, analysed the connection between small-scale mining for resources like tin and coltan (an ore from which the elements niobium and tantalum are extracted for use in electronics). These mines are estimated to employ up to 10 million people, around 15% of the population. Visiting miners' camps in the vicinity of the protected areas in eastern DRC, Kahuzi-Biega National Park and Itombwe Nature Reserve, Spira and colleagues found that bushmeat hunting is common among miners (Oryx (2017) DOI: https://doi.org/10.1017/ S003060531600171X).
Most of the workers they interviewed said they did not want to kill apes but were forced to as they would otherwise have insuffi cient nutrition. To make matters worse, the researchers found that many of the mines they visited were under the control of armed militant groups. For the entire country the estimate is that up to 20% of tin and coltan mines are controlled by such groups. Thus, wildlife rangers trying to enforce conservation laws are at risk of being killed when they confront people operating illegal mines and hunting bushmeat.
As in other places across Africa, the combination of a breakdown in law enforcement and the ready availability of fi rearms in remote areas, together with the lack of infrastructure to feed the miners all conspire to spell doom for the great apes and other endangered primates.
The population of Grauer's gorilla, for instance, has shrunk by 77% in the last 20 years, a decline largely attributed to bushmeat hunting, which is fuelled by the mining industry, as the WCS study has confi rmed. Chimpanzees are also affected by this problem.
While the killing is local and hidden, the roots and repercussions of the problem are global. Coltan is a vital resource for technology products including smartphones, and its mining has also been linked to a whole range of other ethical problems in the DRC Africa, showed that hippie values are well within the primate repertoire.
Muriqui groups are never observed to fi ght over food, nor will males fi ght for access to the females. There are no alpha males in these groups. Sexual contact happens by invitation from the female and in the open. Researchers suspect that the competition between males has been relegated to sperm competition -the animals have conspicuously large testicles relative to their overall size.
In addition to noting these major differences from other well-studied primate species, Strier has also been able to observe behavioural change over the decades. As the population density in the reserve increased, muriquis started spending more time on the ground and also became more adventurous in crossing the gaps into other patches of forest.
Things may be slightly less peaceful in the southern muriqui (Brachyteles arachnoides), which was only recognised as a separate species in 2000 and listed as critically endangered in 2014. Mauricio Talebi, a former student of Strier, now studies the southern muriqui at Carlos Botelho State Park, a protected area. Studying the population dynamics and ecology of these primates, he observed more competitive and aggressive behaviours than he had expected based on his experience with the northern species.
For both species, the dramatic reduction and fragmentation of their forest habitat due to the expansion of agriculture remains the main threat. Preserving, expanding and connecting and elsewhere, including funding of armed confl icts, human rights abuses, child labour, environmental degradation, and smuggling.
"Mining in the region can be greatly improved through the demilitarization of mining sites along with law enforcement to prevent bushmeat hunting, and more access to domestic sources of protein that would reduce the need for bushmeat," said Richard Tshombe, the director of WCS's Democratic Republic of Congo Program. "Developing sustainable business opportunities that can compete with the economic benefi ts of mining could support miners to pursue other avenues of employment and at the same time help ease the burden of mining in DRC's most biodiverse landscapes."
Technology companies and the international community are called to task to ensure that the minerals used for the manufacture of electronics are sourced ethically. If this could be enforced, e.g. through the US government's Dodd-Frank Confl ict Minerals Rule, which requires transparency by companies and businesses in sourcing confl ict minerals, it would help both people and primates in Africa.
Lemurs in Madagascar
As the home of one-fi fth of the world's primate species, the island of Madagascar has a special importance. Some 50 million years ago, lemur ancestors must have managed to cross the Mozambique Channel on some fl oating trees and start the radiation that led to more than 100 species, of which 103 survive. Some larger lemurs already went extinct soon after the fi rst human hunters arrived.
Unfortunately, the island also has its very specifi c set of conservation challenges, including a cultural tradition of slash-and-burn agriculture that drives deforestation and exposes the land to soil erosion. Protected areas have had some success (Curr. Biol. (2012) 22, R287-R289), but challenges remain, not least due to the recent political instability in Madagascar.
Most of the 103 primate species are threatened due to the fragmentation and loss of their forest habitat. One highly unusual case is presented by the aye-aye (Daubentonia madagascariensis), which suffers mainly from the cultural beliefs considering the sighting of this animal as a bad omen, even as a portent of death that can only be averted by killing the animal.
The species has a number of unique adaptations that may have facilitated its vilifi cation in popular belief systems. Its feeding behaviour involves knocking on tree trunks to fi nd hollows inhabited by insects, gnawing away the cover, and poking out insect larvae. Thus, it is a primate fi lling the ecological niche elsewhere occupied by woodpeckers.
For the purposes of its foraging, the species has evolved continuously growing incisors like a rodent, an echolocation device in the bone structure around its ears, as well as an extremely narrow middle fi nger with a ball joint used to tap the tree trunks and to poke out the food. This conspicuous fi nger structure reminiscent of a human skeleton, combined with the nocturnal lifestyle of the aye-aye, has fi red up the popular imagination, with some beliefs going as far as assuming that the primate breaks into homes at night and kills people with its poking fi nger.
The aye-aye, currently listed as endangered by the IUCN Red List, is the last survivor of its genus and family. While superstitions make its case particularly challenging, it is only one of more than 80 primate species that Madagascar may well lose. And their loss would trigger substantial domino effects. Fruit-eating primates, for instance, help seed dispersal and thus maintain forest diversity. Madagascar's unique predators like the fosa (Cryptoprocta ferox) depend on lemurs for food. With the loss of the forest habitats, the entire island's unique ecosystem could be doomed to disappear. And human residents would also suffer, as the fertile soil would be lost to erosion as well.
Orang-utans, lorises in Indonesia
Indonesia is the hotspot of primate diversity in Asia as well as the home of the iconic orang-utan, recently split into two species, the Bornean (Pongo pygmaeus) and the Sumatran orangutan (Pongo abelii), which are listed as endangered and critically endangered, respectively.
Orang-utan and most other primate species in Indonesia are suffering from the dramatic deforestation in the country, much of which is fuelled by the global demand for palm oil. Only recently did environmentalists discover a large-scale drainage ditch of over 8 kilometres in length, apparently In neighbouring Malaysia, the development of large hydroelectric dams and reservoirs is expected to destroy thousands of square kilometres worth of primate habitat, affecting endangered species such as Müller's gibbon (Hylobates muelleri). While the rapid expansion of hydroelectricity was conceived as a way to develop energy capacity without boosting climate change, recent research suggests that greenhouse gas emissions from decaying vegetation in large reservoirs located in tropical countries may be large enough to rival the emissions of gas-powered power stations with comparable capacity (Curr. Biol. (2016) 26, R779-R782).
In China, the white-cheeked crested gibbon (Nomascus leucogenys) and Hainan gibbon (Nomascus hainanus) are both listed as critically endangered and presumed to be close to extinction due to habitat loss following the expansion of rubber plantations (Oryx (2014) 48, 52-55) .
Japan boasts the northernmost species of non-human primate, the Japanese macaque (Macaca fuscata), which is unusual in its adaptation to cold environments and tolerance of cities. It has been exposed to threats in the recent past but is now listed as of least concern.
Outlook Estrada and Garber conclude in their review that "the world will soon be facing a major extinction event if effective action is not implemented immediately." They insist, however, that primate conservation is not yet a lost cause, urging people including governments, NGOs, businesses, and the general public to take urgent action to reverse the well-documented trends that would otherwise lead to the swift disappearance of our closest animal relatives.
In many cases, primate problems are intertwined with human society problems and people's needs, which have to be addressed in conjunction with the conservation problems.
Family ties aside, primates also tend to have important ecological roles to play in their forest habitats, so their loss would also have wider implications on other animals and plants.
Saving the 500 other primate species would require that the one supposedly wise species starts behaving wisely. Most importantly, change would have to start now. Estrada and colleagues conclude that "We have one last opportunity to greatly reduce or even eliminate the human threats to primates and their habitats, to guide conservation efforts, and to raise worldwide awareness of their predicament."
At the sharp end of the problem, more than a dozen primate species are estimated to be down to fewer than 1,000 individuals in the wild. Meanwhile, there are more than 7.3 billion Homo sapiens. We just have to do something.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk designed to drain and illegally clear the Sungai Putri peat swamp. Reports on the environment website Mongabay linked the development to Chinese investors who had become interested in this area and alerted the Indonesian government. The Indonesian environment minister has since asserted that any illegal draining and clearing activity in the peat swamp will be stopped.
Deforestation problems in Indonesia also made headlines around the world at the end of 2015, when large fi res, some of them believed to have been started deliberately, engulfed large areas in a toxic haze for several weeks and destroyed signifi cant amounts of orang-utan habitat (Curr. Biol. (2015) 25, R1107-R1109).
Less famous species affected include the lorises, small primates that are more closely related to lemurs than to the great apes. With their cute baby faces and large eyes adapted to the nocturnal lifestyle, some loris species have become the target of poaching and are illegally sold on Indonesian markets as exotic pets. This is the case for the Javan slow loris (Nycticebus ornatus), which was widespread in Java until the late 20 th century but is now listed as critically endangered and included in the appendix I of the CITES agreement which makes international trade illegal. Nevertheless, the animals, which are small and easy to hide in luggage, are still illegally traded to customers in China, Japan and further afi eld. To a lesser extent, they are also hunted for the preparation of traditional medicines, 
